The morphological transforming region Il (mtrll) of human cytomegalovirus (HCMV) strain Towne has been localized to a 980-base-pair fragment containing three putative open reading frames (ORFs) of 79, 83, and 34 amino acids (aa). In addition, noncoding DNA sequence elements which have the potential to form stem-loop structures were also observed within mtrll. To determine what elements within HCMV Towne mtrll are important in transformation, colinear regions in other HCMV strains (AD169 and Tanaka) were isolated and a comparison of transforming potential was performed. The results indicated that the 2.2-kilobase colinear region in strain AD169 was transforming, whereas the colinear mtrll region in strain Tanaka showed significantly reduced transforming potential. Analysis of the nucleotide sequence data of these colinear regions revealed the presence of the 79-aa ORF in strains Towne and AD169 and its absence in strain Tanaka. In addition, BglII-digested Towne mtrll, which was cleaved within the 79-aa ORF, was shown to display significantly reduced transforming potential. Since the 83-and 34-aa coding sequences were interrupted in both the transforming AD169 colinear region and the nontransforming Tanaka strains, these ORFs were thought not to be important in transformation. Analysis of the stem-loop structures within each of the mtrll colinear regions did not reveal significant changes among the transforming and nontransforming colinear fragments. Thus, the comparative data indicate an important role for the 79-aa ORF in transformation.
Human cytomegalovirus (HCMV) infection has been associated with several neoplastic diseases, including prostatic carcinoma (6) , adenocarcinoma of the colon (9) , cervical carcinoma (15) , and Kaposi's sarcoma (7, 8) . Furthermore, inactivated HCMV was shown to transform hamster embryo fibroblasts in culture (1) . In subsequent studies, three distinct HCMV-transforming fragments were located in the long unique region of the viral genome ( Fig. 1) (2, 3, 13, 14) . A minimal region of 558 base pairs (bp) (pCM4127) was mapped in the XbaI-HindIII fragment of HCMV strain AD169 and has been designated morphological transforming region I (mtrl) (13, 14) . This sequence was noncoding and contained a stem-loop structure (5) similar to an insertionlike element. A 20-kilobase (kb) XhbI E fragment (map units 0.680 to 0.770) in HCMV strain Towne which immortalized and transformed primary diploid SHE cells was identified (2) , and further investigation revealed two distinct morphological transforming regions within the XbaI E fragment (3) . A left-handed EM fragment, designated mtrll, and a righthanded EJ fragment, designated mtrlII, were both identified and independently shown to transform established rodent cells (3) . The EM sequence was retained in both EMtransformed rodent cells as well as in EM-induced tumorderived cell lines, whereas the EJ sequence was not retained in either EJ-transformed cells or EJ-induced tumor-derived cell lines. There is no information on whether mtrll or mtrIII has the ability to immortalize primary diploid cells. However, we have recently reported greater tumorigenicity when cells were transformed by mtrll plus mtrIII than when cells were transformed by either alone (11) .
The EM The individual foci were next picked and grown into mass culture, and focal lines induced by Towne mtrII or AD169 2.2-kb fragment were examined for anchorage-independent growth in 0.3% agarose ( Table 1 ). All lines induced by either Towne mtrll or by the AD169 colinear 2.2-kb fragment exhibited cloning efficiencies ranging from 0.48 to 3.5%, and the colonies which grew were macro in size. In contrast, focal lines induced by Tanaka mtrII exhibited negligible cloning efficiency ranging from 0.005 to 0.01%, which was To ascertain what may be responsible for the differences in transforming potential, the sequence analysis of the Tanaka mtrll was carried out and compared with the published sequences of Towne mtrll (16) and the colinear region in strain AD169 (12) . The nucleotide sequence of Tanaka mtrll was determined by the Sanger dideoxynucleotide chain termination method (17) with single-stranded recombinant bacteriophage DNA as templates (18) . Alignment and analysis of the Tanaka mtrII sequence were performed by using IBI sequence analysis software on an IBM PC XT computer as previously reported for Towne mtrll (16) . Comparisons of the AD169 and Tanaka sequences with the complete Towne sequence are presented in Fig. 2 . The sequence analysis of Towne mtrll and the designations for the ORFs are presented in Fig. 3A , and a comparison of the effects of these base changes on the ORFs in strains Towne, AD169, and Tanaka is shown in Fig. 3B . The 79-aa ORF in strain AD169 is identical to that in strain Towne, while the 83-aa ORF in AD169 is truncated and the 34-aa ORF is changed by frameshift, producing a somewhat larger ORF (Fig. 3B) Other data also implicate the role of the 79-aa ORF in transformation (16) . We have previously carried out transfection assays using a BgIII-BamHI subclone of Towne EM. When a clone extending from the BgIII cut to the BamHl cut was tested, a 62 to 66% reduction in focus formation was detected and no tumors were produced in animals inoculated with these focal lines (16) . These data provide further evidence that BglII cuts within the transforming mtrll region, specifically within the 79-aa ORF which may play a major role for the full transforming activity of mtrll. Alternatively, the BglII site might separate the upstream transcriptional regulatory sequences from the downstream 83-or 34-residue protein-coding sequences.
Transforming domains of herpesviruses have been mapped to small DNA fragments (2, 3, 13, 14, 16 Sequence analysis was carried out on the Towne and Tanaka mtrll regions in our laboratory and compared with the sequence of AD169 as published by Kouzarides et al. (12) . Pictured are the amino acid schematics for the translated sequences of the 79-, 83-, and 34-aa xxxxxxxxx 
NOTES
In the current study, we provide further insight into the significance of these ORFs by comparing transforming activities of mtrll colinear regions in strains AD169 and Tanaka. In contrast to Towne mtrll and AD169 colinear transforming fragments, the Tanaka mtrll had substantially reduced transforming activity and produced significantly reduced numbers of focal lines. Nucleotide sequence comparisons of the ORFs in strains Towne, AD169, and Tanaka are consistent with the hypothesis that the 79-aa ORF may play a role in transformation.
Stem-loop structures have been proposed to be involved in herpesvirus transformation (5) . Along these lines, we have previously identified three stem-loop structures in the first 300 nucleotides of the Towne mtrll sequence (Fig. 3A) (16) . These three stem-loop structures were virtually unaltered in their sequence in the Tanaka mtrll, the transforming AD169 2.2-kb, and the Towne mtrll colinear regions. Thus, the importance of these stem-loop structures in transformation is not consistent with the data presented. Two other stemloop structures were also located within Towne mtrll. One of these is found at nucleotides 457 to 499 within the 79-aa ORF. The other is found at nucleotides 757 to 803 within the 83-aa ORF. In the case of the stem-loop structure located within the 79-aa ORF, its sequence is the same in the HCMV Towne, AD169, and Tanaka colinear regions. Thus, the substantial reduction in transforming activity of Tanaka mtrll is consistent with the truncation of the 79-aa ORF. We cannot at this time rule out the possibility that the residual focal transforming activity of Tanaka mtrll is due in part to this stem-loop structure or to some partial activity of the truncated ORF seen in Tanaka mtrll. Finally, a fifth stemloop structure is found in the 83-aa ORF. However, it is dramatically altered in both AD169 and Tanaka colinear regions, leading us to believe that it also may not be important in transformation. At present, an extensive deletion analysis of mtrll is being carried out to identify the element(s) responsible for transformation. Moreover, we are trying to determine whether expression of the 79-aa ORF can be correlated with transforming activity. Alternatively, the expression of the 79-aa ORF may alter transcription of cellular genes (4, 11) . Both studies may yield further insight into the mechanism of transformation by HCMV mtrll.
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